Sixty-two factory workers, 36 with heart disease, and 26 healthy control subjects, were studied during a typical day's work. Observations of energy expenditure, pulmllonary ventilation, pulse rate and electrocardiogram are reported and analyzed in relation to the type of work, the influence of heart disease, and possible objective evidence of fatigue.
N EW understanding of the natural history of heart disease and better methods of treatment are reducing the aura of fear traditionally surrounding the cardiac patient. At the same time, modern technology is steadily lowering the physical demands of factory work, so that it is now evident that a majority of urban patients with heart disease can work safely.1 The physician, who is increasingly called upon to prescribe activity for his patients with heart disease, needs specific information about the stress of daily activities on which to base his advice. Artificial work situations, such as the Master 2-step test or treadmill exercise, involve high-energy expenditure for short periods of time and cannot simulate actual working conditions unless the doctor has specific knowledge of the demands of the patient's job.2 3 Many measurements of the energy cost of individual activities and a few studies of energy expenditure during several hours or days have been collected by Passmore and Durnin.4 However, these Cleveland, Cleveland, Ohio. This study was supported in part by grants from the Cleveland Area Heart Society.
tions, an(l to compare in each l)articular the workers with heart disease with their healthy co-workers.
METHODS AND MATERIAL
Subjects. Sixty-two sub jects were studied on the job. Thirty-six had recognized heart disease and 26 were normal control subjects. A control subject was matched to each cardiac subject whenever a healthy worker of comparable age and skill could be found performing the same job in the same industrial plant.
The subjects with heart disease were employees of 3 large Cleveland manufacturing firmns and had come to the attention of the industrial physician in the course of employment physical exaniinations, illness at work, or from reports of private physicians following illness. The diagnosis of heart disease was confirmed by a complete niedical history, physical examination and standard 12'-lead electrocardiogram. Twenty-four of the 36 patients with heart disease were evaluated at the Work Classification Clinic of the Cleveland Area Heart Society where additional laboratory studies including fluoroscopic examination, ballistocardiograni and the Malster 2-step exercise test were made. All the subjects were men, except for 1 womaan, who had arteriosclerotic heart disease. Twentyfive patients had arteriosclerotic heart disease, of whom 20 had old myocardial infarets confirmed by electrocardiogram. Four subjects had hypertensive cardiovascular disease, 5 rheumatic heart disease, 1 syphilitic aortitis and aneurysm, and 1 possible congenital heart disease. It is probable that most of the employees with symnptomiiati( coronary artery disease in these 3 industries were studied. Undoubtedly many individuAls with varying degrees of hypertension and solve with asymptomatic rheumatic heart disease were not included. Twelve of the cardiac subjects fell into class I of the New York State Heart Association,5 19 into class II and 5 into class III. Teil of the 36 patients were taking digitalis at the time of Methods. Each subject reported to the company dispensary 15 minutes before the shift on a typical working day. The purpose and methods of the study had been explained to each subject. Height and weight were measured, and 4 copper electrodes were taped in place on the chest in the V4 and V, positions on right and left sides. Lead wires passed through the shirt collar to a socket attached to the subject's belt, where they could be connected to a Sanborn direct-writing electrocardiograph when desired. A pedometer was adjusted and fastened to the subject's belt. An Air Force half-face oxygen demand mask was carefully fitted and arranged to permit inhalation of room air. From the mask expired air passed through a Plexiglass valve and rubber tubing to the KofranyiMichaelis respiratory meter.7 The meter, which together with mask and tubing weighs 3.6 The energy cost of individual jobs increased as the work involved the use of progressively larger muscle groups ( fig. 1 ). There was a progression from sedentary to ambulatory work and from hand work to work involving leg, trunk and shoulder muscles. The same pattern was evident among the control workers. In both groups there was considerable overlap among categories of work. In many supervisory and maintenance jobs, walking made up the bulk of the energy demand. Twelve subjects walked more than 5 miles during the shift, and 2 walked more than 10 miles. Although the walking was usually intermittent, it required an average energy expenditure of 2.79 calories per minute. The energy cost of this factory work was remarkably low. Only in the maintenance and warehouseman groups were there a few individuals whose average rate of energy expenditure equalled twice the resting level.
Maximum rates of energy expenditure varied from individual to individual but were seldom excessive ( fig. 2 ). The noncardiac workers had slightly higher maximum energy expenditures (average peak of 3.45 calories per minute) than did those with heart disease (average peak of 3.04 calories per minute). However, when each subject was compared with his matched control, the differences were not. statistically significant (t = 1.56, p = < 0.2). Hg diastolic for the cardiac subjects and slightly less for the controls (table 3) . The highest blood pressures recorded during the working day coincided with maximum energy expenditure in only 26 per cent of the total cases and in only 1 of 13 subjects whose blood pressure during work rose above 150 mm. Hg systolic or 100 mm. Hg diastolic. During performance of factory work in the study, therefore, the blood pressure response elicited was small in the normotensive cardiac subject and the controls.
Pulse Rate. The average pulse rate increased from 84 per minute at rest to an average of 102 per minute during work. Sinus tachycardia (over 110 per minute) occurred in 17 subjects (10 controls and 7 cardiac subjects). In 7 subjects the sinus rate reached 120 per minute or more. Three were control subjects, all of whom had resting pulse rates of over 100 per minute, 2 had hitherto undetected hypertension, and the third was obese. Two of the 4 cardiac subjects had high resting pulse rates. A third subject developed the highest pulse rate observed (136 per minute). He was a 59-year-old man with rheumatic heart disease and predominant aortic stenosis, classified II C; he died suddenly 4 months after the study. The marked tachycardias were disproportionate to the rate of energy expenditure, since they occurred at rates of 1.8 to 4.3 calories per minute. This type of factory work therefore elicits only a moderate increment in pulse rate. Under the conditions described, a working pulse rate in excess of 120 per minute suggests an undetected or inadequately treated cardiovascular abnormality, sustained anxiety or limited cardiovascular reserve.
Respiration. The average respiratory rate in the cardiac group was 16.4 per minute at rest and 22.7 per minute during maximum exertion, while the average pulmonary ventilation rose from 8.7 liters per minute to 16.9 liters per minute. The figures were slightly higher for the control group, but the differ- Oxgyen utilization is the number of milliliters of oxygen removed from each 100 ml. of air breathed, amid equals 10 times the re(iprocal of "'ventilatory equivalent. " Oxygen utilization normally rises waith exercise. In tlme cardiac group it increased from 3.10 ml. of oxygen per 100 ml. of air at rest to 3.85 This curve has been plotted against the actual data for the control subjects in figure  7 . In the range studied, the percentage of oxygen extracted from air rapidly approaches a maximum at low rates of energy expenditure. Oxygen utilization would therefore be a poor index of energy expenditure.
In figure 8 pulmonary ventilation has been plotted against oxygen consumption for the subjects with arteriosclerotic heart disease, hypertensive cardiovascular disease and rheumatic heart disease, and the appropriate regression lines have been entered. None of the lines differs significantly from that calculated for the control subjects ( fig. 6 ). The subjects with rheumatic heart disease have a somewhat higher pulmonary ventilation and lower oxygen utilization at a given level of oxygen consumption than do the normal subjects or the patients with arteriosclerotic heart disease. Such a tendency to inefficient extraction of oxygen has been shown2 to differentiate subjects with mitral stenosis from normal subjects at an oxygen consumption of 1,500 ml. of oxygen per minute and may be the result of limited cardiac output. It should be emphasized, however, that in the present study, at low rates of energy expenditure, this difference is not statistically significant.
Thus, there is no evidence in the present study that workers with compensated heart disease are compelled to make any greater demands upon their reserves in terms of pulse rate, pulmonary ventilation or oxygen utilization in order to perform this type of factory work than are their healthy co-workers.
Electrocardiographic Chamiges
There were remarkably few electrocardiographic changes. The method of electrode placement yielded information only in the horizontal plane, i.e., on the .r and z axis. equivalent to RV8, V4, and V8. In the cardiac group at rest, 2 patients had atrial fibrillation, 4 had ventricular premature beats, and 3 had atrioventricular block (prolonged P-R interval, second-degree block with Wenckebach phenomenon, and complete block).
During work the premature beats persisted but did not increase in frequency; in 4 additional cases rare ventricular premature beats appeared. Three of these 4 subjects had shown an abnormal response to Master's exercise-tolerance test. The premature beats did not appear with maximum energy expenditure. Three subjects showed primary T-wave changes (change in angle QRS-T) during the working day. Two of the 3 subjects also had an abnormal blood pressure response. One of the 2 mentioned had an abnormal maximum pulse rate response and died later at home in bed.
In the subject with second-degree atrioventricular block, ventricular premature beats appeared and the Wenckebach phenomenon became more prominent. In the subject with third-degree atrioventricular block the rate increased from 56 to a maximum of 58 although the energy expenditure ranged from 1.87 to 2.49 calories per minute.
The control subjects all had regular rhythm.
T'wo subjects had ventricular premature beats at rest, which in the case of 1 disappeared during work. Primary ST-T changes occurred in 3 cases at levels of energy expenditure of 1.8 to 2.8 calories per minute. The electrocardiographic changes in cardiac and control groups were similar except for ventricular premature beats that appeared during work only in the cardiac group. The low incidence of ST-T changes at this level of work in these subjects is not surprising, since only 23 per cent had shown abnormal or borderline response to Master 's exercisetolerance test, which requires a larger expenditure of energy.
Fatigue
Objective evidence of fatigue was sought in our data. A sustained elevation of the resting oxygen consumption and of the resting pulse rate have been observed to follow strenuous exertion,"1' 12 suggesting that basal physiologic mechanisms have been unable to meet the current demands of the body. The respiratory quotient has likewise been noted to drop during prolonged exercise,13 suggesting an exhaustion of the readily available carbohydrate stores of the body. Figure 9 summarizes the changes observed in these 3 parameters at rest at the beginning, middle aid end of the work shift. Both cardiac and control subjects show a minor but not statistically significant elevation of oxygen consumption at midshifts, which may be attributed to the lunch or supper ingested by most of them just before the observations were made. Aside from this observation, there are no consistent changes in the resting oxygen consumption, pulse rate or respiratory quotient during the day in either cardiac or control group, and no significant differences between the 2 groups. Thus, as might be anticil)ated from the level of energy expenditure encountered, there is no evidence of fatigue in the over-all process of energy production. Other types of fatigue not measured by the methods of this study may, of course, have been present.
DISCUSSION
How representative were the jobs studied? Although not selected for statistical purposes, the jobs appeared typical of those held by a third of the total working population of a large industrial city and by a large percentage of working cardiac subjects studied at the Work Classification Clinic of the Cleveland Area Heart Society. The jobs ranged from menial to managerial and from sedentary to active, and were distributed throughout all departments of these 3 metal-manufacturing plants.
The energy cost of the type of work studied is remarkably low in relation to other human activities. A champion athlete can maintain an energy expenditure of 26.5 calories per minute for several minutes during a 2-mile run or skiing.'14 1 Taylor et al. '6 found that a group of healthy but untrained young men could achieve a maximum rate of energy expenditure of approximately 18 calories per minute on a treadmill. These rates are obviously unrealistic in relation to the requirements of daily work. Passmore and Durnin,4 reasoning from their own data and those of German workers, conclude that 5 calories per minute during working hours "probably represents the upper rates of daily energy expenditure that can be maintained regularly in heavy industry." Garry et al., '7 using It is important to recognize, however, that the Master step test calls for the expenditure of 8.5 calories per minute, a rate in excess of any peak observed in any of the workers studied. Certainly an individual with heart disease, who can make this exertion without developing excessive heart rate, blood pressure or abnormal electrocardiographic changes, would not be expected to show adverse effects during a job requiring average peaks of 3.45 calories per minute, or an average sustained effort of only 2 calories per minute. On the other hand, the cardiac patient who does show an abnormal step-test response may be able to perform safely at the rates of energy expenditure required by his job. The decision to return such an individual to work may be made in view of the fact that merely keeping him at home without further restriction probably will not reduce his energy below that required by work. The patient's work may, of course, entail other forms of stress than those measured in calories, but emotional and personal problems may be aggravated and are seldom solved by keeping a worker idle. SUMMARY Sixty-two subjects, 36 with heart disease and 26 healthy controls, were observed during a normal working day in 3 metal-manufacturing plants. 
